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Abstract 

In this study, we use the respective advantages of the tabu 
search (TS) and the cloud computing technologies to develop 
a cloud-based decision support system (DSS) for cell 
formation (CF) problem. To further verify the feasibility and 
effectiveness of the developed system, an example taken 
from the literature is adopted for illustrational purpose. 
Moreover, a set of test problems with various sizes drawn 
from the literature are used to test the performance of the 
proposed system. Corresponding results are compared to 
several well-known algorithms previously published. The 
results indicate that the proposed cloud computing CF DSS 
improves the best results found in the literature for 50% of 
the test problems. Moreover, with the assistance of our 
developed system, the CF practitioners in the production 
departments can interact with the systems without knowing 
the details of algorithms and can get the best machine cells 
and part families with maximize grouping efficacy wherever 
and whenever they may need it. These show that the 
proposed CF DSS should thus be useful to both practitioners 
and researchers. 
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Introduction 

Cellular manufacturing (CM) is the application of group 
technology (GT) in manufacturing systems. GT is a 
manufacturing philosophy, which determines and 
divides the components into families and the machines 
into cells by taking advantage of part similarity in 
processing and design functions. Studies show that 
30%-75% of the product cost is due to materials 
handling [1]. The implementation of cellular 
manufacturing has been reported to result in significant 
benefits such as reductions in material handling costs, 
work-in-progress inventory, throughput times and 
set-up times, simplified scheduling and improved 
quality [2]. 

Although CM may provide great benefits, the cellular 



manufacturing system (CMS) design is complex for real 
life problems. The foremost problem for CMS design is 
cell formation (CF), which groups the machines into 
machine cells and parts into part families. It has been 
known that the CF problem in CMS is one of the 
NP-hard combinational problems [3], as it becomes 
difficult to obtain optimal solutions in an acceptable 
amount of time, especially for large-sized problems. In 
this regard, many models and solution approaches have 
been developed to identify machine cells and part 
families. These approaches can be classified into three 
main categories [4]: (1) mathematical programming (MP) 
models, (2) heuristic/ meta-heuristic solution algorithms, 
and (3) similarity coefficient methods (SCM). 

Due to their excellent performance in solving 
combinatorial optimization problems, meta-heuristic 
algorithms such as genetic algorithm (GA), simulated 
annealing (SA) and tabu search (TS) have been the most 
successful solution approach to efficiently solve the CF 
problem and its variants with good results. Among the 
meta-heuristic algorithms, TS has been successfully used 
to solve many problems appeared in manufacturing 
system including cell formation problems [5]. Hence, we 
adopt it as a solver to solve the CF problem in the 
development of our CF cloud-based decision support 
system (DSS). 

With the rapid development of internet and the 
upgrades of software and hardware technologies, the 
concept of cloud computing is presented. The cloud 
computing can provide a number of services to users 
through the internet whenever and wherever. Moreover, 
due to an increasing global competition, companies are 
now shifting to a geographically distributed 
manufacturing environment. Besides, the information 
flow nowadays requires reliability, efficiency and 
security. With the emergence of information technology, 
the traditional way of communication of information 
flows between companies and between internal parties 
can now be replaced by the interconnected network [6]. 
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The Internet provides an open environment for 
companies to connect with their business partners as 
well as to serve as a medium for internal information 
flows [7]. Moreover, manufacturing systems have 
migrated to integrate with the internet to provide a 
remote access and control system with the characteristics 
of quick response and real line monitoring [8]. Thus, 
development of an effective computer-aided CF 
cloud-based DSS is necessary. 

In this study, we use the respective advantages of the TS 
and the cloud-based technologies to develop a 
cloud-based DSS for CF problem. An example taken 
from the literature is adopted for illustrational purpose. 
To further verify the feasibility and effectiveness of the 
developed system, ten test problems with various sizes 
drawn from the literature are used to test the 
performance of our proposed CF solver. Corresponding 
results are compared to several well-known algorithms 
previously published. 

The rest of the paper has been structured as follows: 
Section 2 describes the cell formation problem. Section 3 
details the implementation of our cloud-based CF DSS. 
The performance of the proposed system and 
methodology is verified in Section 4 and the conclusion 
is given in Section 5. 

Cell Formation Problem 

Cell formation in a given 0-1 machine-part incidence 
matrix involves rearrangement of rows and columns of 
the matrix to create part families and machines cells, in 
which the cellular movement can be minimized and the 
utilization of the machines within a cell can be 
maximized. Two matrices shown in Figure 1 are used to 
illustrate the concept. Figure 1(a) is an initial matrix 
where no blocks can be observed directly. After 
rearrangement of rows and columns, two blocks can be 
obtained along the diagonal of the solution matrix in 
Figure 1(b). For those Ts outside the diagonal blocks, 
they are called "exceptional elements"; while those 0's 
inside the diagonal blocks are called "voids". 



(a) PI P2 P3 P4 P5 




(b) PI P3 P5 P2 P4 


Ml 


1 




M2 


1 1 1 





M2 


10 10 1 


l=> 


M4 


1 1 1 





M3 


110 10 




Ml 





1 


M4 


10 10 1 




M3 


1 


1 1 


M5 


10 10 




M5 





1 1 



There have been several measures of goodness of 
machine-part groups in cellular manufacturing in the 
literature. Two measures frequently used are the 
grouping efficiency [9] and the grouping efficacy [10] 
due to they are easy to implement. Grouping efficiency is 
defined as follows: 



Tj = qrj l + Q.-q)Tj s 



(1) 



where rji is the ratio of the number of Is in the diagonal 
blocks to the total number of elements in the diagonal 
blocks of the final matrix, rp is the number of 0s in the 
off-diagonal blocks to the total number of elements in the 
off-diagonal blocks of the final matrix, and q is a weight 
factor. Any Is outside the diagonal blocks are called 
"exceptional elements," and 0s inside the diagonal 
blocks are called "voids." 

Although grouping efficiency has been used widely, it 
was argued for its low discriminating capability in some 
cases affected by the size of the matrix. To overcome 
this problem, Kumar and Chandrasekharan [9] proposed 
another measure, the grouping efficacy, and can be 
defined as follows: 



e—e n 



e + e 



(2) 



FIGURE 1 REARRANGEMENT OF ROWS AND COLUMNS OF 
MATRIX TO CREATE CELLS: (A) INITIAL MATRIX AND (B) MATRIX 
AFTER REARRANGEMENT 



where e is the total number of l's in the matrix, eo is the 
total number of exceptional elements, and e» is the total 
number of voids. As grouping efficacy has been widely 
accepted in recent studies regarding CF problem, it is 
used as the performance measure for the proposed TS 
algorithm. 

System Development 

In this study, a cloud-based CF DSS is developed to 
get the best machine cells and part families with 
maximize grouping efficacy. The system architecture 
is shown in Figure 2. From the figure we can know 
that the system consists of five elements. They are the 
clients (i.e., users), the user interface, the web server, 
the CF solver and the database. All of them are linked 
up with the internet. We will describe them as 
follows: 
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HTTP From/Query 
HTML Document | ^ Request 




FIGURE 2 CLOUD-BASED ARCHITECTURE FOR CF DSS 

Clients 

web browsers are clients that connect to web servers 
and retrieve web pages for display. Using appropriate 
web browsers, such as Netscape's navigator or 
Microsoft's internet explorer, users can input data or 
view the CF results through a dynamic hypertext user 
interface. 

User Interface 

Because of the PHP is a widely-used general-purpose 
scripting language that is especially suited for web 
development and can be embedded into HTML. 
Hence, we use PHP to making dynamic and 
interactive web pages for the cloud computing user 
interface which consists of three buttons on the top of 
the screen. The framework of the user interface is 
shown in Figure 3 which is simple and considered to 
be user-friendly. We will describe them below. 




FIGURE 3 FRAMEWORK OF CLOUD COMPUTING USER 
INTERFACE 



Web Server 

The web server is a computer that serves requested 
web pages. The web server interacts with the 
individual user's web browser and accepts external 
Hypertext Transfer Protocol (HTTP) requests from the 
browser. An Application Programmer's Interface (API) 
is distributed, along with most of the commercially 
available browsers, such as Netscape's navigator or 
Microsoft's internet explorer. Application programs, 
such as PHP, ASP and JSP, can be written using these 
APIs to enhance the capabilities of a browser. Because 
of the Apache HTTP Server has been the most 
popular web server on the Internet since April 1996. 
Therefore, we use the apache server as web server in 
this study. 

CF Solver 

The CF solver was developed using Visual C++ 
programming languages. It consists of two stages: the 
initial solution construction and the improvements. 
The similarity coefficient-based method (SCM) is 
adapted in the first stage to produce good initial 
solutions, while the TS continuously improves and 
generates more effective solutions through the TS 
algorithm in the second stage. The proposed generic 
framework for the CF solver (HTSA) is shown in 
Figure 4 which is actually consists of the following 
seven steps: 

1) Initialization of computational parameters; 

2) Construction of initial solution; 

3) Searching of improving neighborhood solutions; 

4) Update of tabu list; 

5) Update of better solutions found; 

6) Check of timing for directing searching toward 
diversified solution space by applying mutation 
operator; 

7) Check of solution stagnancy. 

Note that the first five steps are the same as the TS 
algorithm, while Step 6 generates new solutions with 
higher degree of diversification in order to increase the 
probability of finding the global optima, and Step 7 
avoids spending too much computational efforts in 
order to have a balance between the computational 
effectiveness and efficiency. 

For the CF solver, the insertion strategy is applied to 
produce a new neighborhood solution and the values 
of parameters are given below: tabu list size is equal to 
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7, a limit of iterations for each run is set to 1000 and the 
mutation probability for each gene is set at 0.8. 




Initialize the HTSA control parameters 












Construct initial solution 






Yes 



Apply mutation operator 
and generate new 
solution 



Improve neighborhood solutions 



Reset mutation counter 



Update tabu list 




^\Yes ^ 


Reset solution stagnancy 
counter and update best 
solutions so far 


X 







Report best solutions found — ►^EncT) 



FIGURE 4 FLOWCHART OF CF SOLVER (HTSA) 

Database 

A database server machine may be physically different 
from the web server that maintains the database. Due 
to the MySQL is the world's most popular open source 
database. Hence, we use MySQL server as the database 
server in this study. This remote database is accessed 
through the Open Database Connectivity (ODBC) 
gateway to insert, delete or update information in the 
database. 

Research Results 

The research results consist of two parts. They are the 
numerical example and the comparative study. We 
will describe them below. 

Numerical Illustration 

We applied a numerical example, which was drawn 
from [11], to test the performance and usability of our 



developed system. The step-by-step procedures are 
described as follows: 

Step 1: Press the "Upload Data" button to upload the 
0-1 machine-part incidence matrix to web 
server, as shown in Figure 5, which consists of 
10 machines and 15 parts. 

Step 2: Set the parameters and constrains for CF solver 
by pressing the "Parameters Setting" button, as 
shown in Figure 6, tabu list size is equal to 7, a 
limit of iterations for each run is set to 1000 
and the mutation probability for each gene is 
set at 0.8. The maximum number of machines 
in each cell (Jim) is limited to 4 and the 
minimum number of machines in each cell (Lm) 
is 2. 

Step 3: Press the "Running" button to execute the CF 
solver to groups the machines into machine 
cells and parts into part families with 
maximize grouping efficacy. As shown in 
Figure 7, the CF solver only took 0.0833 
seconds to get the final 0-1 machine-part 
incidence matrix with three cells and 92% 
grouping efficacy. 
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FIGURE 5 0-1 MACHINE-PART INCIDENCE MATRIX 
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FIGURE 6 INPUT INTERFACE FOR SETTING PARAMETERS AND 
CONSTRAINS 
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Machine:10 Pait:15 

Final machine -part assignment 
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FIGURE 7 OUTPUT INTERFACE FOR DISPLAYING CF 
RESULTS 

Comparative Study 

In order to evaluate the computational characteristics 
of our proposed CF solver with other approaches, ten 
test instances from the literature, as shown in Table 1 
are used. The proposed CF solver are coded in Visual 
C++ programming languages and implemented on an 

TABLE 1 SELECTED PROBLEM FROM THE LITERATURE 



No. 


Source 




Size 


1 


King [15] 




16x43 


2 


Carrie [16] 




20x35 


3 


Chandrasekharan and Rajaj 


jopalan [17] 


24x40 


4 


Chandrasekharan and Rajaj 


*opalan [17] 


24x40 


5 


Chandrasekharan and Rajaj 


*opalan [17] 


24x40 


6 


Chandrasekharan and Rajas 


jopalan [17] 


24x40 


7 


Chandrasekharan and Rajaj 


*opalan [17] 


24x40 


8 


Chandrasekharan and Rajaj 


jopalan [17] 


24x40 


9 


Stanfel [18] 




30x50 


10 


Stanfel [17] 




30x50 



Intel(R) 1.66 GHz personal computer with 1GB RAM. 
Table 2 shows the comparisons of our proposed CF 
solver with other approaches from the literature, that is, 
the EA [12], the SA [13] and the HGA [14]. The bold 
characters indicate the best values obtained for each 
test problem. It can be seen from Table 2 that our 
proposed CF solver are better than or equal to those 
reported results. To be more specific, CF solver obtains 
for 5 (50%) problems values of the grouping efficacy 
that are equal to the best results found in EA, SA, and 
HGA methods and improves the values of the 



grouping efficacy for the rest 5 (50%) problems. It is 
worth to mention that our proposed CF solver is able 
to find the optimal solution in 5.784 seconds, 
illustrating the superiority of CF solver in solution 
efficiency. 

TABLE 2 PERFORMANCE OF THE PROPOSED 
ALGORITHM COMPARED TO OTHER 
ALGORITHM 



Test 
instances 



Other approaches 



Proposed approach 







EA 


SA 


HGA 




CF solver 


No. 


Size 


r (%) 


r (%) 


r (%) 


Cell 
Size 


r (%) 


CPU 
time (s) 


1 


16x43 


54.86 


52.44 


54.86 


8 


56.85 


0.975 


2 


20x35 


76.22 


78.40 


76.14 


5 


78.40 


0.409 


3 


24x40 


100.00 100.00 100.00 


7 


100.00 


0.844 


4 


24x40 


85.11 


85.11 


85.11 


7 


85.11 


0.987 


5 


24x40 


73.51 


73.51 


73.51 


7 


73.51 


1.013 


6 


24x40 


51.88 


52.44 


52.50 


11 


53.29 


2.200 


7 


24x40 


46.69 


47.13 


46.84 


12 


48.95 


2.794 


8 


24x40 


44.75 


44.64 


44.85 


12 


46.26 


2.828 


9 


30x50 


59.21 


60.12 


59.66 


13 


60.12 


4.272 


10 


30x50 


50.48 


50.51 


50.51 


14 


50.83 


5.784 



Conclusions 

In this study, we have used the respective advantages 
of the tabu search (TS) and the cloud computing 
technologies to develop a cloud-based decision 
support system (DSS) for cell formation (CF) problem. 
With the assistance of CF DSS, the CF practitioners in 
the production departments can interact with the 
system without knowing the details of algorithms and 
can get the best machine cells and part families with 
maximize grouping efficacy wherever and whenever 
they may need it. An example taken from the literature 
has been adopted for illustrational purpose and a set of 
test problems with various sizes drawn from the 
literature have been used to test the performance of the 
CF solver. The results have indicated that the proposed 
algorithm improved the best results found in the 
literature for 50% of the test problems and the CPU 
times for finding the optimal solution are in 5.784 
seconds. These show that our developed system 
should be useful to both practitioners and researchers. 
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